We studied six patients who suffered from angina pectoris but had angiographically patent major coronary arteries. Two of the patients suffered also from congestive heart failure. Three patients had supraventricular tachyarrhythmias. Three patients had conduction disturbances. During coronary angiography the patients had significantly reduced flow velocity of angiographic contrast medium compared with that in a control group. Echocardiographic and Doppler flow studies showed a tendency for symmetrical thickening of the left ventricular wall, enlargement of the right ventricle, and reduced compliance of both ventricles. Right ventricular endomyocardial biopsy revealed pathologic small coronary arteries with fibromuscular hyperplasia, hypertrophy of the media, myointimal proliferation, and endothelial degeneration. Capillaries had swollen endothelial cells encroaching on the lumen. Myocardial hypertrophy, lipofuscin deposition, and patchy fibrosis were also observed. These cases show that small-vessel coronary artery disease can cause classic angina pectoris. The diagnosis can be suspected when the coronary angiogram shows large patent arteries with slow flow of the angiographic contrast medium and it can be confirmed by endomyocardial biopsy. Circulation 74, No. 5, 964-972, 1986. From the
ANGINA PECTORIS associated with widely patent epicardial coronary arteries is a well-recognized but poorly understood clinical entity. One pathogenetic mechanism is thought to be disease of small coronary arteries. Anatomic evidence was derived from histologic findings in autopsy studies but these were not correlated with clinical angina pectoris.' Physiologic studies showed a decreased coronary vasodilator reserve in patients with angina pectoris and patent epicardial coronary arteries. This was attributed to smallvessel disease but formal histologic proof was lacking.2 '3 We have been unable to find reports of small-vessel disease in myocardial biopsy specimens taken from patients with typical angina. 4 In this study we describe six patients with angina pectoris and widely patent large coronary arteries in whom endomyocardial biopsy revealed histologically and electron microscopically evident disease in the small coronary arteries.
Methods
In 1985 we performed coronary angiography for the investigation of chest pain in 769 patients. Fifty-four patients did not have disease of the major epicardial arteries. Nine of them had slow flow of contrast medium in the coronary arteries. Biopsy specimens were taken from six of the patients with slow flow. Four showed changes in small arteries and capillaries (light and electron microscopy). In two patients insufficient large vessels were present in the histologic sections and the capillaries showed no pathologic changes on electron microscopy.
In this report we describe these four patients with changes in their small arteries as well as another two patients (Nos. 2 and 3) in whom prior angiographic studies showed slow flow of contrast medium and in whom changes in the small arteries were confirmed by biopsy.
Coronary angiography was performed with the Judkins technique in multiple oblique positions, including the craniocaudal projection with a 4.5 inch image intensifier and cine photography at a rate of 25 frames per second.
Left ventricular ejection fraction and diastolic function were analyzed from the left ventriculogram by a computer-interactive method.5 The normal range of left ventricular ejection fraction in our catheterization laboratory is 73 + 6% (mean ± SD). 6 The velocity of contrast flow was measured from the coronary angiogram. The first injection into the left coronary system in the 30 degree right anterior oblique projection was used for analysis to avoid the possible influence of contrast on the coronary bed. The diameter of the catheter (No. 8F Cordis) was used as a reference for estimation of the image magnification. The number of frames that elapsed from the appearance of contrast in the ostium of the left coronary artery until it reached a fixed CIRCULATION distance in the left anterior descending coronary artery was regarded as the arrival time. The velocity of contrast flow was calculated in millimeters per sec and by dividing the length of the arterial segment by the arrival time of the injectate. At the time of determining blood flow velocity the control patients (see below) were not receiving vasodilator therapy. Such treatment was continued in the study group as described in Results.
The control group consisted of 10 patients over age 40 with isolated mitral stenosis and no history of angina pectoris. Routine preoperative coronary angiographic results were normal. The flow velocity of contrast was measured in the left anterior descending coronary artery only, since pulmonary hypertension and right ventricular hypertrophy could influence flow in the right and circumflex coronary arteries.
M mode and two-dimensional echocardiography and Doppler flow studies were performed with a Diasonkes CV 400 echocardiograph. Ventricular and left atrial dimension were obtained from M mode tracings in the left parasternal long-axis view.
The ratio of late diastolic inflow due to the atrial contraction (A) to that of early diastolic rapid inflow (R) (AIR ratio) was measured by Doppler sampling in the apical four-chamber view. The normal value of the AIR ratio for mitral and tricuspid valves is 0.44 --t 0.14 and 0.51 + 0.10, respectively.7
An effort test was performed according to the Bnrce protocol. 8 Endomyocardial biopsy specimens were obtained from the right ventricle with a Cordis bioptome introduced percutaneously through a right internal jugular vein puncture. Three to six specimens from different sites were taken. Stains with hematoxylin-eosin were performed regularly. Resorcin-fuscin was used for staining connective tissue. Electron microscopy was also performed on samples from all patients.
Results
Patient 1. A 44-year-old man with effort-induced chest pain of 3 weeks' duration was hospitalized for investigation. The patient had undergone catheterization 3 years previously for the same complaint and successful percutaneous transluminal coronary angioplasty was performed on his distal right coronary artery. He was free of pain without medical treatment until the present admission. His past history included cigarette smoking and limited physical activity. There was no hypertension or diabetes mellhtus.
Physical and neurologic examination. electrocardiogram (ECG), and chest roentgenogram were normal. An effort test was stopped after 7 min because of typical chest pain at a heart rate of 1 14 beats/mmn and blood pressure of 172/80 mm Hg buit without ST-T wave changes.
Echocardiographic examination showed a left ventricle of normal size and good contraction. The diastolic anteroposterior dimension in the left parasternal long-axis view (LVDd) was 5.2 cm and the systolic dimension (LVDs) was 3.5 cm. The left atrial dimension was normal (3.3 cm). The right ventricle was mildly enlarged (2.2 cm). There was mild symmetrical hypertrophy of the left ventricular wall (diastolic thickness 1.5 cm). There was no systolic anterior moation of the mitral valve. The Doppler examination showed a prominent A wave in the mitral (A/R = 1.4) and tricuspid valve (A/R = 1.4) tracings. The flow through the aortic and pulmonic valves was normal.
Cardiac catheterization showed a normal left ventricle with pressures of 120/1 1 before and 120/20 mm Hg after injection of contrast medium into the ventricle. The left ventricular ejection fraction was 71 %. Frameby-frame analysis disclosed no abnorrnality in the rate and sequence of contraction and relaxation. Angiographic examination revealed widely patent, normal large coronary arteries (including the segment that had undergone angioplasty), but the flow of contrast medium in all the visible arteries was very slow, with a velocity of 77 mm/sec (compared with a velocity of 182 t 45 mm/sec [mean + SD] in the control group).
Histologic examination of an endomyocardial biopsy specimen obtained from his right ventricle revealed hypertrophy of the myofibers and marked thickening of the intramural coronary arteries. Special stains for connective tissue showed fibromuscular hyperplasia and hypertrophy of the media, the intima being little affected (figure 1). Electron microscopic studies revealed myofibrilar pathology with lipofuscin bodies and focal myofibrilar degeneration in many myofibers. The microvessels were contracted and in many of them the endothelial cells were pathologic (figure 2). They were often swollen, devoid of pinocytic vesicles, and contained membranous and lysosomal bodies. His clinical presentation gradually changed from severe typical angina pectoris to congestive heart failure without angina. In addition, for 8 years there were episodes of supraventricular tachyarrhythmias and atrial fibrillation that required pharmacologic and electrical cardioversions. Two years before the present admission sinus bradycardia occurred, and a year later second-degree atrioventricular block was observed. A permanent atrioventricular pacemaker was implanted. An effort test was stopped after 3 min because of chest pain and dyspnea. Diagnostic atrial pacing to a rate of 150 beats/min was stopped because of chest pain and ST segment depression but mild lateral ST-T segment depression had been preexistent. Coronary sinus lactate concentrations did not increase during pacing. The test was regarded as borderline. Repeat cardiac catheterizations were performned 11, 9, and 7 years before the current admission, and the left ventricle was found 966 to be normal with an ejection fraction of 77%. Frameby-frame analysis showed normal contraction and relaxation rate and sequence. The left ventricular enddiastolic pressure was 16 mm Hg. The coronary arteries were large and patent at angiography. However, the contrast medium flow was slow (110 mm/sec) compared with that in controls. The patient was hospitalized repeatedly for weight loss, iron deficiency anemia, thrombocytopenia (aggravated by quinidine), lymphadenopathy and splenomegaly, parotitis, benign hypertrophy of the prostate, moderate chronic renal failure, episodes of transient cerebral ischemic attacks and convulsions, and Brown-Sequard syndrome. During these 10 years of vague ill health, systemic vasculitis was suspected. Exhaustive investigations, including biopsies of lymph node, bone (trephine), parotid gland, skin, and gingiva did not show systemic vasculitis or small-vessel disease.
At the present admission, clinical examination showed a blood pressure of 160/80 mm Hg, a normal heart rate, purpura on both arms, jugular venous pres-CIRCULATION sure 3 cm, and normal heart sounds with a short apical midsystolic murmur. There were fine rales at both lung bases, hepatomegaly with a span of 15 cm, thoracic kyphosis, and varicose veins on both legs with pitting edema of the ankles. Results of neurologic examination were normal. The chest roentgenogram revealed cardiac enlargement with mild pulmonary venous congestion and a right pleural effusion. Echocardiographic studies showed a left ventricle of normal size with good contraction. The LVDd was 4.8 cm and the LVDs was 3 cm. The left atrium was enlarged (5.6 cm), and the right ventricle was mildly enlarged (2 cm). There was mild symmetrical hypertrophy of the left ventricular wall with 1.4 cm diastolic thickness of both the septum and the posterior wall. There was no systolic anterior motion of the mitral valve. There was a small pericardial effusion. The Doppler examination showed mild mitral and tricuspid regurgitation with a prominent A wave in mitral (A/R -2.8) and tricuspid valve (A/R = 2.6) tracings. The flow through the aortic and pulmonic valves was normal.
Histologic examination of an endomyocardial biopsy specimen obtained from the right ventricle revealed hypertrophy of myofibers and a slight increase in the interstitial connective tissue. On the side of one of the samples there was some fatty tissue and within it several cross and tangential sections of arteries about 50 to 200 gm outer diameter. The lumina were narrow and the walls markedly thickened and cellular (figure 3). Special stains showed that the thickening was caused by proliferation of smooth muscle cells and an increase in collagen mainly in the media. There were only moderate intimal changes. Some dilated veins were also present near the arteries. Electron microscopic examination showed abundant lipofuscin in most myofibers. Several capillaries had swollen and degenerated endothelial cells and intraluminal blebs. The basement membrane was not thickened. Some fairly normal patent capillaries were also seen. Patient 3. A 60-year-old man was hospitalized for investigation of typical angina and chronic atrial fibrillation during the 15 years before the current hospitalization. Past history included noninsulin-dependent diabetes mellitus and hypertension, both diagnosed 1 year before admission. The patient was treated with digoxin and verapamil.
Physical examination showed a blood pressure of 160/90 mm Hg, normal heart sounds, and no signs of congestive heart failure. Results of neurologic examination were normal. The ECG showed left anterior hemiblock, incomplete left bundle branch block, and digitalis effect. An effort test was stopped after 3 min Vol. 74, No. 5, November 1986 because of chest pain and dyspnea without ST-T wave changes. Catheterization performed during a previous hospitalization showed normal left ventricular function (analyzed frame-by-frame) with a left ventricular enddiastolic pressure of 10 mm Hg, an ejection fraction of 73%, and patent coronary arteries. The flow velocity of contrast medium in the coronary artery was found to be 95 mm/sec. Echocardiographic examination during the current admission showed an enlarged left ventricle with reduced contraction (LVDd 5.8 cm, LVDs 4.6 cm, AS 20.6%). The left atrial dimension was normal (4 cm). The right ventricle was mildly enlarged (1.45 cm) with good contraction. There was symmetrical hypertrophy of the ventricular wall with 1.9 cm diastolic thickness of the septum and the posterior wall. There was no systolic anterior motion of the mitral valve. Doppler examination showed no A wave, as expected in atrial fibrillation, with otherwise normal flow tracings.
Endomyocardial biopsy of a right ventricular sample showed hypertrophy of the myofibers and hyperplastic thickening of intramural arteries. Electron microscopy revealed many capillaries with markedly swollen, degenerated endothelial cells. Patient 4. A 57-year-old man was hospitalized because of angina pectoris and exertional dyspnea that developed gradually during the 5 years before admission. One year before the present admission he experienced repeated episodes of syncope. Second degree sinoatrial block was diagnosed and a permanent atrial pacemaker was implanted. Past history included heavy smoking and mild hypertension and no diabetes mellitus. He was treated with nifedipine, digoxin, furosemide, and dipyridamole. 967 Physical examination showed a blood pressure of 110/70 mm Hg, a soft fourth heart sound present at the apex, and no signs of congestive heart failure. Results of neurologic examination were normal.
Chest roentgenogram showed a normal heart size with mild pulmonary venous congestion. The ECG showed effective atrial pacing with incomplete right bundle branch block and left anterior hemiblock. The effort test was stopped after 9 min at a heart rate of 117/min and a blood pressure of 204/100 mm Hg because of chest pain and fatigue without ST-T changes. Echocardiography showed a mildly enlarged left ventricle with a slight reduction in contraction (LVDd 5.1 cm, LVDs 3.6 cm, AS 29.4%). The left atrial size was normal (3.9 cm). The right ventricle was mildly enlarged (2 cm) with good contraction. The diastolic left ventricular wall thickness was 1.3 cm. Doppler examination showed a prominent A wave in the mitral (A/R = 1.3) and tricuspid valve (A/R = 1.1) tracings with otherwise normal flows.
Left heart catheterization showed a moderately enlarged left ventricle with a left ventricular end-diastolic pressure of 16 mm Hg and a slight reduction in ejection fraction to 58%. Diastolic relaxation, analyzed frameby-frame, was normal. The coronary arteries were patent but contrast medium flow was slow, 95 mm/sec. Endomyocardial biopsy showed hypertrophy of the myofibers and vacuolation of the cytoplasm. Several small arteries 50 to 100 gm in diameter were hyperplastic and had narrowed lumina. Electron microscopy showed myofibers with areas of edema devoid of fibrils and containing granular material, mitochondria, and lipofuscin bodies. Some abnormal small vessels were seen that had debris in the lumen and a thickened basement membrane. Patient 5. A 58-year-old man was hospitalized because of half an hour of severe precordial pain on the day of hospitalization. During the 4 days before admission he experienced typical angina pectoris while walking uphill for 50 meters, which was relieved by standing. He had no past history of smoking, hypertension, or diabetes mellitus.
Results of physical examination were normal. The blood pressure was 110/70 mm Hg, and there were normal heart sounds with a soft fourth heart sound and a 1/6 short midsystolic murmur at the left sternal border. Signs of congestive heart failure and of neurologic deficit were not found.
The ECG showed transient inverted T waves in the anterior leads. The chest roentgenogram was normal. Echocardiography showed a left ventricle of normal size and good contraction (LVDd 4.6 cm, LVDs 3.0 cm). The left atrial dimension was 3.8 cm. The right ventricle was mildly enlarged (2 cm) with good contraction. There was mild symmetrical hypertrophy of the left ventricular wall with 1.5 cm diastolic thickness and no systolic anterior motion of the mitral valve. Doppler examination showed a prominent A wave in the mitral (A/R = 1.4) and tricuspid valve (A/R=
On catheterization a left ventricle of normal size was found, with a left ventricular end-diastolic pressure of 24 mm Hg and normal contraction and an ejection fraction of 72%. Angiography showed patent major coronary arteries with a contrast flow velocity of 1 15 mm/sec. Endomyocardial biopsy showed hyperplastic small arteries with narrowed lumina ( figure 4) . Electron microscopy, however, did not show pathologic capillary endothelium. Patient 6. A 54-year-old man without a previous history of angina pectoris was hospitalized in November 1985 for resting chest pain accompanied with anterior wall ST segment depression and transient atrial fibrillation. He was readmitted a week later because of another episode of chest pain. Serum creatine kinase level did not increase. The patient was treated with isosorbide dinitrate 120 mg daily and did well on restricted physical activity. He was hospitalized in January 1986 for coronary angiography. He had a history of smoking and hypertension, and diabetes mellitus was excluded.
On examination, the blood pressure was 130/80 mm Hg and heart sounds were normal, but there was a soft fourth heart sound at the apex. There were no signs of congestive heart failure and no abnormal neurologic findings. The electrocardiogram and chest roentgenogram were normal. An effort test was stopped after 8 min at a double product of 18,060 because of 3 mm anterior wall ST segment depression without chest pain. Echocardiography showed a left ventricle of normal size and good contraction (LVDd 5 cm, LVDs 3.1 cm). The left atrial size was 4.1 cm. The right ventricular size was 1.3 cm with good function. There was mild symmetrical hypertrophy of the left ventricular walls with a diastolic thickness of 1.4 cm and no systolic anterior motion of the mitral valve. Doppler examination showed prominent A waves in the mitral (A/R = 1.4) and tricuspid valve (A/R = 2) flow tracings but otherwise normal flows.
Cardiac catheterization showed a left ventricle of normal size and normal contraction with an ejection fraction of 71%. The left ventricular end-diastolic pressure was 30 mm Hg. Angiography showed patent major coronary arteries with a contrast flow velocity of 105 mm/sec.
The endomyocardial biopsy showed hypertrophy of myofibers. The intramural small vessels showed fibromuscular hyperplasia and narrowed lumina. Electron microscopy showed swelling of capillaries with loss of pinocytic vesicles and paucity of organelles ( figure 5 ).
Discussion
The coronary arteries between 0.1 and 1.0 gmi in diameter are divided into four groups: ventricular, atrial, special branches, and anastomoses.' The ventricular branches are so numerous that it would probably require widespread disease to involve them in clinical symptoms. Such pathologic involvement has been reported in patients with diabetes mellitus, atherosclerosis, hypertension, amyloidosis, autoimmune diseases, and cardiomyopathies.9 '1 Theoretically, small-vessel coronary disease could lead to arrhythmias, angina, focal myocardial necrosis, compensatory hypertrophy, and even heart failure. Indeed, patients with such small-vessel disease proved at autopsy usually showed some or all of these clinical signs during life. Thus, although postmortem examinations suggest that small-vessel disease is responsible for clinical symptoms, abnormalities of these vessels during life have only been suspected from measurements of coronary flow.2'3 Coronary angiography does not show vessels less than 0.5 mm in diameter and is of little value in diagnosing small-vessel disease. However, slow velocity of contrast flow during coronary angiography has been Vol. 74, No. 5, November 1986 suggested to indicate impaired coronary flow. Thus decreased coronary flow velocity has been demonstrated angiographically in a patient with scleroderma,'2 a condition known to cause small-vessel disease.13 Slow coronary flow was also observed angiographically in a group of six patients with angina pectoris and widely patent main arteries.'4 Small-vessel disease was suspected in these patients but because biopsy was not performed there was no morphologic proof of the presence of such disease. Recently, coronary pressureflow measurements during maximal coronary vasodilation have been introduced to assess coronary flow reserve. 5 This was decreased in a patient with systemic lupus erythematosus and was considered to be a result of small-vessel coronary disease.'6 Decreased vasodilator reserve with left ventricular dysfunction was also found in patients with chest pain and patent epicardial coronary arteries.3' " Endomyocardial biopsy specimens were taken in only one of these groups; mitochondrial changes were seen but no abnormalities in small vessels were found.'7 In this particular group, however, slow flow of contrast in coronary arteries was not mentioned. Inadequate vasodilator reserve was also shown to be responsible for initiating stressinduced ischemia in patients with hypertrophic cardiomyopathy and patent coronary arteries.'8 Although an early stage of hypertrophic cardiomyopathy could be suspected in our patients, and we could not exclude such a diagnosis, there were no typical findings such as vigorous left ventricular contraction, asymmetrical ventricular hypertrophy, and systolic anterior movement of the mitral valve. We also did not find confirmational myofibrilar disarray in the endomyocardial biopsy samples.
The six patients described in the present report share several clinical and laboratory findings.
(1) The patients presented with a variety of syndromes, including long-standing stable angina pectoris with periodic exacerbations of prolonged rest pairn, crescendo angina of recent onset, and even acute episodes of chest pain with ECG changes simulating the intermediate coronary syndrome. Sublingual nitrate therapy was associated with subjective symptomatic improvement in all patients.
(2) The ejection fraction assessed by left ventriculography ranged in our patients from 57% to 77%. Diastolic function evaluated by the rate of ventricular relaxation was always normal. The left ventricular end-diastolic pressure was at the upper limits of normal or higher, signifying reduced compliance of the left ventricle. The patients were not investigated during exercise or stress. 969
(3) Echocardiography showed mild symmetrical thickening of the left ventricular wall in the six patients. Left ventricular function was normal in four patients and reduced in two others. None had exaggerated contraction. The right ventricle was mildly enlarged in all patients. Doppler evidence of pulmonary hypertension was not found in any of the patients. The 970 left atrium was slightly enlarged. These findings, combined with prominent A waves in the mitral and tricuspid valve Doppler flow curves, probably signify reduced compliance of a thickened left ventricle.
(4) Congestive heart failure was found in two of the six patients and particularly in patient 2, who had echocardiographic evidence of severely impaired com- pliance of the left ventricle with an increase in the myocardial interstitial connective tissue. These two patients with the longest history of heart disease may well represent the natural history of small-vessel coronary artery disease. These findings do not agree with a previous concept that patients with angina pectoris and patent coronary arteries do not deteriorate and may even improve with time.9, 20 (5) One of the patients had chronic atrial fibrillation and another two had paroxysmal atrial fibrillation and supraventricular tachycardia. Two patients had atrioventricular and sinus nodal conduction disturbances necessitating implantation of a permanent pacemaker. One patient had incomplete left bundle branch block and left anterior hemiblock and another patient had incomplete right bundle branch block and left anterior hemiblock. These arrhythmias and conduction disturbances are probably the result of diseased small vessels supplying the sinus and atrioventricular nodes and conduction system, as suggested by James.1 (6) Only one patient had significant ST segment depression during the effort test. This was not accompanied by chest pain. The other five patients suffered from typical chest pain appearing during the first minutes of effort and had to stop before reaching the target heart rate. ST-T changes were not observed at this stage. The lack of ECG changes may be explained by a diffuse vascular and myocardial disease: the alleged electrophysiologic changes occurring diffusely at the various areas of the myocardium may balance each other.2 (7) Patent large conducting coronary arteries with significantly slow flow of the contrast medium were found in all patients. This slow flow probably signifies increased resistance of the small arteries in the distal coronary bed and may be used as an indicator for selecting patients in whom further investigation of chest pain in the presence of patent coronary arteries is warranted.
(8) Histologic examination revealed similar findings in all the patients. These consisted of myofiber hypertrophy and hyperplastic fibromuscular thickening of small arteries. Electron microscopy showed that most myofibers had degenerative foci and lipofuscin deposits. In five patients many capillaries and small arteries were diseased. The most constant findings consisted of swelling and degeneration of endothelial cells with narrowing of the lumina. These abnormalities, although nonspecific, may nevertheless indicate ischemic injury to endothelial cells caused by the thickening and narrowing of muscular small arteries and arterioles. Capillary endothelium is sensitive to hypoxia and Vol. 74, No. 5, November 1986 its damage may be directly responsible for further myocardial disease and its clinical manifestations. The results from patient 5, whose capillary endothelium was normal, support this theory, since his short anginal history could signify a recent disease that did not include secondary endothelial changes.
These histologic findings are at a variance with the work of Opherk et al.,`who found no vascular abnormalities on biopsy in patients with angina pectoris and normal coronary angiograms. It is possible that the patients with slow flow of contrast medium have a widespread disease that can be more easily detected by biopsy. An alternative explanation could be that smallvessel disease may be only one of several distinct (yet undetermined) etiologies for the syndrome of anginal chest pain and angiographically patent coronary arteries.
Coexistence of large-and small-vessel coronary disease is frequently observed in autopsies., 21, 22 It may be responsible for the decreased regional coronary flow reserve found after coronary revascularization.23 Therefore the role of small vessels in generating angina pectoris is perhaps given insufficient attention (this issue may be represented in patient 1, who had angina even after successful angioplasty).
In conclusion, we studied six patients with typical angina pectoris, normal large coronary arteries, slow coronary flow, and small-vessel disease demonstrated by myocardial biopsy. Our findings show that isolated small-vessel disease can be a cause of typical angina. The pathogenesis and etiology underlying this syndrome are unknown and we suggest that endomyocardial biopsies may be helpful in the evaluation of patients with angina pectoris and slow coronary flow with patent coronary arteries.
